BACKGROUND: Chronic kidney disease (CKD) is a growing problem among the elderly. Early detection is considered essential to ensure proper treatment and to avoid drug toxicity, but detection is challenging because elderly patients with CKD often have normal serum creatinine levels. We hypothesized that most cases of CKD in the elderly would go undetected, resulting in inappropriate prescribing.
INTRODUCTION
Chronic kidney disease (CKD) is now recognized as having a major impact on public health, affecting 11% of the adult population, but it remains underdiagnosed, particularly in the elderly.
1, 2 The early recognition of kidney disease is important because medical interventions, including the use of angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs), can slow the progression of disease. [3] [4] [5] Detection is challenging because serum creatinine, although convenient to measure, performs poorly in diagnosing CKD in the elderly, for whom significant declines in glomerular filtration rate (GFR) can be obscured owing to the effects of age, weight, muscle mass, race, and sex. 6 As a consequence, clinical guidelines by the National Kidney Foundation (NKF) 7 and others 8 call for screening for CKD using either the Cockcroft-Gault (CG) 9 or Modified Diet in Renal Disease (MDRD) 10 equations, which can be easily calculated, instead of serum creatinine. Of the two, the Modified Diet in Renal Disease (MDRD) equation appears to be more accurate for older patients, [11] [12] [13] [14] [15] and is recommended by the NKF.
A few studies have demonstrated that primary care physicians relying on serum creatinine fail to diagnose CKD in elderly patients, 16, 17 and that diagnostic rates can be improved by providing estimated GFR (eGFR) based on either the CG or MDRD equations. [17] [18] [19] Whether such recognition leads to changes in physician practice which may slow the progression of chronic kidney disease is unclear. Specifically, if CKD is recognized, are physicians more likely to prescribe ACE inhibitors or ARBs, and are they less likely to prescribe drugs that are nephrotoxic or have increased side effects in CKD? Older patients are particularly vulnerable to medication side effects, and a GFR<50 is recognized as a risk factor for adverse drug events. 20 Moreover, recent studies demonstrate that older patients are both overprescribed contraindicated drugs 21 and underprescribed ACE inhibitors for hypertensive and diabetic renal disease. 22 We hypothesized that 4 years after publication of the NKF guidelines and initiation of the National Kidney Disease Education Project (NKDEP) aimed at raising awareness among primary care providers, 23 renal disease would still be underdiagnosed in the primary care setting, especially for older patients with near normal serum creatinine, and that failure to recognize kidney disease would lead to underprescribing of renal protective medicines and inappropriate prescribing of other, harmful medications.
METHODS

Setting
We reviewed the charts of all patients 65 years or older as of March 1, 2006 
Data Analysis
Glomerular filtration rate was estimated for all patients with available data. Moderate CKD was defined as eGFR between 30 and 60 mL/min and severe CKD as eGFR <30 mL/min. Descriptive statistics were computed for all patients with complete data, as well as by level of CKD. Chi-square tests were used to evaluate associations of patient characteristics with level of CKD. Among patients with moderate or severe CKD, associations of patient characteristics with physician recognition of renal insufficiency were evaluated by chi-square tests or 2-sample t tests. In addition, we evaluated association of selected patient characteristics and physician prescribing practice with severe versus less severe CKD by chi-square. Logistic regression models were developed for the outcomes ACE/ARB prescribed and any inappropriate drug prescribed among patients with CKD. All available patient characteristics were included in the models. Pairwise interactions were evaluated and retained with p<.10. Odds ratios with 95% confidence intervals are reported.
RESULTS
We reviewed records for 866 patients aged 65 years and older at the 2 clinics. Fifty-two patients were excluded owing to insufficient information to estimate GFR, or because they were on dialysis. Excluded patients did not differ by age, sex, or race from included patients, but were more likely to attend 1 clinic than the other. Patient characteristics appear in Table 1 . Overall, 33% of patients had CKD and 6% had severe CKD. CKD was most common in patients aged 75-84 years, with 41% having an eGFR <60 mL/min. Older patients were more likely to have moderate, but not severe, CKD. Gender, race, and language preference were not significantly associated with CKD. Patients with CKD had a higher mean serum creatinine than those without, but 23% of patients with CKD had a serum creatinine within the laboratory limit of normal (≤1.2 mg/dL for males and ≤1.1 mg/dL for females). All patients with severe CKD (eGFR <30 mL/min) had abnormal serum creatinine.
Identifying Renal Insufficiency
Providers were more likely to identify CKD among men, African Americans, English-speaking patients, and those with diabetes or hypertension or both (Table 2) . Only 14% of patients with CKD were identified if they had neither diabetes nor hypertension. Patients identified by providers as having CKD had significantly higher serum creatinine (2.2 mg/dL vs 1.4 mg/dL). Providers successfully identified renal insufficiency in 57% of cases with elevated serum creatinine, but only 9% of cases with normal serum creatinine (p<.0001). In multivariable analysis, only elevated serum creatinine was associated with provider recognition of CKD (OR 11.2, 95% CI 4.1 to 30.7). Overall, providers identified CKD in 38% of patients with eGFR <60 mL/min and 87% of patients with eGFR <30 mL/min (p<.0001).
Medication Prescribing
Providers prescribed inappropriate medications to 33% of patients with renal insufficiency. The most common inappropriate medications prescribed were NSAIDs, metformin, and atenolol at a dose >50 mg. Patients with identified CKD were both less likely to receive an inappropriate medication and more likely to receive an ACE/ARB than patients whose CKD was not identified (Fig. 1 ). Compared to patients with moderate CKD, those with severe CKD were less likely to receive an inappropriate medication (11% vs 38%, p<.001), but equally likely to receive an ACE or ARB (73% vs 69%, p=.57).
In multivariable analyses, a diagnosis of diabetes or hypertension was significantly associated with ACE/ARB prescribing, whereas advanced age was associated with lower inappropriate drug prescription (Table 3) . Only physician identification of CKD, however, was significantly associated with both. Serum creatinine was not associated with either ACE/ARB prescribing or inappropriate medication use.
Laboratory Testing and Referral
Of patients with eGFR<60, 60% had diagnostic urine testing (14% had 24-hour urine, 37% had spot testing for microalbumin, and the remainder had urinalysis only), 82% had a hemoglobin level, and 60% had a serum calcium level measured. A minority had imaging studies, including renal ultrasound (22%) or CT/MRI (16%). Approximately one fourth was referred to a kidney specialist-20% of those with moderate and 64% of those with severe CKD (p<.0001).
Patients with CKD identified were both more likely to be referred to a specialist, and to have any of the diagnostic tests, except hemoglobin and calcium levels ( Table 4 ). There were no significant differences in hemoglobin, calcium, or blood pressure between patients with or without CKD identified.
DISCUSSION
Chronic kidney disease remains a common and underrecognized source of morbidity and mortality in the elderly. Identifying CKD is important because the use of ACE/ARB has been shown to slow the progression of renal disease, [3] [4] [5] and a number of common medications are either contraindicated or require dosage adjustment in the setting of renal impairment. In addition, early referral to a kidney specialist has been linked to decreased mortality. 25, 26 In 2 inner city ambulatory general medicine clinics, we found that renal insufficiency among the elderly affected almost one third of patients, with 5% having severe renal insufficiency. Despite this, providers identified less than half of all cases. Patients who had normal serum creatinine or did not suffer from diabetes or hypertension were most likely to be missed. We found that when providers failed to identify CKD, they were more likely to prescribe inappropriate drugs and less likely to prescribe either ACE inhibitors or ARBs.
In an effort to improve early recognition of CKD and the implementation of secondary prevention strategies, in 2002 the National Kidney Disease Outcomes Quality Initiative (N/ KDOQI) published evidence-based guidelines on recognizing and treating CKD. 7 A year later, the NKDEP was launched to raise awareness of CKD among primary care providers and high-risk patients. 23 Both efforts recommend the reporting of eGFR along with serum creatinine, and the NKDEP website provides an online GFR calculator and a downloadable PDA [27] [28] [29] In addition, the premise that laboratory reporting of eGFR will improve recognition and treatment remains unproven. At least 3 studies have assessed the effects of eGFR reporting on clinician recognition and behavior. [17] [18] [19] Two of these, which included only reporting, found only modest increases in physician recognition. A third study, which included an educational intervention as well, noted a 4-fold increase in detection rates. 18 Given the small improvements in physician recognition seen with reporting alone, it may have been the educational intervention that improved recognition in this last study. If that is the case, emphasizing estimated GFR may not be enough. Indeed, the physicians in our study did not have automated reporting of eGFR, but still identified a high proportion of patients with CKD, perhaps because of the physicians' participation in a training program.
The association between the recognition of CKD and improved management has been less studied. One large VA study found that providers identified only 10% of moderate and 45% of severe CKD, and that documentation of CKD was associated with ordering urinalysis, but not with ACE/ARB use or blood pressure control. 17 In contrast, we found that our providers identified 46% of CKD and 87% of severe CKD, and that identification of CKD was associated with increased prescribing of ACE/ARB, decreased use of inappropriate medications, and increased referrals to a kidney specialist. One possible explanation for this difference is the method of determining whether physicians identified CKD. The VA study relied on ICD-9 codes, which may have underestimated physician recognition, whereas we reviewed physician notes. Finally, we noted that ACE/ARB prescribing was associated with diabetes and hypertension, independent of recognized renal insufficiency. This may be the result of prescribing guidelines for diabetes and the reality that elderly patients with hypertension often require multiple agents to achieve acceptable blood pressure control. Because both diseases are known risk factors for renal disease, providers did a much better job identifying CKD in these populations. Conversely, they identified only 14% of CKD in patients with neither of these diagnoses. Educational interventions should therefore draw attention to identifying renal disease in patients without diabetes.
Our study has several limitations. First, it was a retrospective study and may contain unmeasured biases. Although we carefully reviewed the charts, we cannot know for sure that physicians were unaware of some patients' renal failure; their practice patterns suggest that they were. Second, the population was limited to 2 sites within the same health care system and therefore may not be generalizable. Our patients did, however, represent a diverse population of age, ethnicity, and comorbid disease. Third, our definition of CKD was based on GFR estimated by the MDRD equation. Although this estimation is convenient and recommended by the NKDEP, classifying patients based on other measurements of GFR might have Figure 1 . Key care measures in recognized and unrecognized renal insufficiency among patients with eGFR<60 mL/min.
yielded different results. Changing the definitions, however, would not affect the relationship between physician recognition and behavior, which was independent of eGFR. Finally, we studied medication use, but not direct patient outcomes, such as health care utilization or mortality, and the benefits of ACE/ ARB in the elderly, and especially the very old, have not been well documented. Nevertheless, the medications studied have already been shown to be beneficial in slowing the progression of renal disease in general and there is no reason to believe they would not be effective in our population. Consequently, the K/DOQI guidelines do not discriminate by age. 7 In addition to the 239,836 Americans undergoing dialysis in 1999-a number that is expected to exceed 520,000 in 2010-renal dysfunction is emerging as an important risk factor for cardiovascular morbidity and mortality. 30 The prevalence of endstage renal disease (ESRD) is rising fastest in the elderly, with 58% of newly diagnosed patients over age 65 years. 31 The ability to identify renal insufficiency in the primary care setting is a vital prerequisite to implementing appropriate secondary prevention strategies. Nevertheless, the gap between evidencebased guidelines and clinical practice remains wide. It is not clear why, despite the NKDEP, K/DOQI guidelines have not penetrated primary care to the same extent as guidelines for hypertension, diabetes, or lipids, but educational efforts alone will not be enough. System-wide quality improvement interventions, working on multiple levels, and tailored to local conditions, will be necessary. In addition, more collaboration between the nephrology and primary care communities would be helpful. Despite the emphasis on primary care, most articles about the NKDEP, including the K/DOQI guidelines, appear in nephrology journals. This may explain why Nephrologists were 8 times more likely than Internists to be aware of the national guidelines. 29 Our study demonstrates that primary care doctors do a relatively good job of managing CKD once they recognize it, but lack the tools to identify CKD when serum creatinine levels are "normal" or when patients do not have diabetes or hypertension. Whereas laboratory reporting of estimated GFR is an important first step to improving care, studies show that in most settings, such reporting is not enough to change physician practice in a significant way. Future studies should focus on educational and system interventions with greater potential to change the way we practice.
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Note: 2 patients missing data on recognition of CKD are excluded from analyses. 
